ABSTRACT With the evolution of communication technique, international mobile telecommunication (IMT) indicates that 5G services will be broadly deployed and be popular in 2020. It is imperative to tackle the challenges of high-mobility devices and dynamic communication demands in the real world. Vehicle-to-everything (V2X) is one of the most important parts; hence, approaches to achieve higher communication quality and better spectrum utilization in V2X have become important issues. Presently, it is a common practice to group the users in vehicle-to-vehicle (V2V) communication based on device-todevice (D2D) techniques. In this paper, we consider the handover of groups of moving vehicles. To address the mobility problem, we assign three types of user equipments (UEs), i.e., the main leader, a sub-leader, and followers, in a group with different functions for different roles. The simulation result shows that our proposed group-based mobility management mechanism can decrease the handover failure ratio as well as increase V2V service continuity.
travelers with additional information. In D2D and V2V communications, UEs have to form a cluster by using D2D/V2V discovery and select either a cluster head or a leader to serve as the communication bridge between the cluster members and the network [3] . There are different methods to form a group, depending on the designer's purpose. For example, when it comes to the communication between a Proximity Service (ProSe)-enabled smartphone and multiple ProSe-enabled wearable devices, the smartphone will be the leader, which collects the information from the other wearable devices and sends the cluster information to a BS. As for V2V, vehicle platooning, which gathers similar vehicles moving in the same direction, has become a popular research issue, especially in 3GPP RAN1 Study. The leader of a platoon needs to periodically collect the messages sent from cluster members and communicate with the BS. Meanwhile, it can control the speed and direction; hence, all of the other vehicles in the cluster have to follow the leader's movement. For a V2X service, the following issues should be taken into consideration. Mobility is the main problem to be solved. Since V2X UEs often move at a higher speed compared with general UEs, V2X is a communication that requires high reliability and relatively low latency. Therefore, no matter a UE is in direct communication mode or in cellular mode, mobility issue should be considered. According to the current handover mechanism, when a leader satisfies its handover condition, the established D2D link is forced to terminate as the follower has to transit to cellular mode. After both of the UEs handover to the target BS, the D2D link can then be established again. As a consequence, a smooth and seamless handover is desired for V2X to minimize the impact stemming from the interruption during handover.
Resource allocation is another problem in V2X. For conventional LTE cellular links, BS schedules the transmission and UEs just follow the schedule. Nevertheless, in D2D case, a BS can only assign resource pools for the UEs to compete for. Once a group member fails to compete for a resource or collides with other members, part of the information of the certain group member would be lost. In such case, the loss of information decreases the reliability and lead to negative impact on V2X group. Thus, a more robust resource allocation algorithm should be developed to meet the reliability requirement.
The last issue is on the leader, including the leader selection and the functionalities that a leader should have. In LTE, a group-based V2X service is not considered; hence, more detailed design on the leader should be elaborated since the leader plays the most significant role in a group. The design issues include how a leader is selected, what should a leader do to maintain a group and how a leader should react if it is no longer suitable for the group.
In this article, we propose an enhanced D2D/V2V groupbased mobility management with two leaders, including a main leader and a sub-leader. The proposed mobility management features the functions that help maintain the sidelink stability and swap between two leaders. Our contributions include the following.
• Identify the problem for handover of a group with direct links. To our best knowledge, the existing work on D2D/V2V handover only considers a pair of UEs; that is, the handover for multiple UEs with multiple direct links remains unsolved.
• Propose a mechanism featuring group management with two leaders. We identify the situations that a group may face and design the corresponding decision procedure and signaling flowchart for each case. With the evaluation, many aspects of handover performance can be improved. The remainder of the article is arranged as follows. We go through literature reviews and provide the results in Section II. In Section III, our proposed mechanism is elaborated in more detail, including resource selection, D2D handover, group formulation and group maintenance mechanism. The simulation scenario and adopted models are introduced in Section IV, while the simulation results are provided in Section V. Finally, we make our conclusion in Section VI.
II. RELATED WORK
D2D communication can exploit direct communication between nearby mobile devices and improve overall throughput, energy consumption, and spectrum utilization [4] . Similar to D2D, V2V enables a vehicle directly communicate with nearby vehicles. Currently, two major methods for V2V communication are Dedicated Short Range communications(DSRC) and Cellular Vehicle-toEverything (C-V2X). DSRC is based on the IEEE 802.11p and is widely used in the U.S. In contrast, C-V2X is based on LTE and provides superior performances in terms of throughput and lower latency. Although both technologies have their own advantages, after an overall consideration, LTE ouperforms in end-to-end delay and network capacity performance as compared with the IEEE 802.11p standard. Therefore, LTE technology is supposed to be more suitable for vehicular network [5] .
Starting from 3GPP Release 12, standardization of LTE-based D2D communication has been considered [1] . The LTE system supports ProSe D2D services, which leverages PC5 interface to support vehicular communication and allows direct information exchange between two vehicles without the support of BS [6] . V2X has been widely discussed in Release 14. 3GPP Release 14 lists some V2X use cases and service requirements, such as authentication, capacity, and latency. The study item also presents the key performance parameters with the suggested values [6] . In RAN1 LTE V2X Phase 3 study item, enhancement of V2X services are categorized into four use case groups, including vehicle platooning, extended sensors, advanced driving, and remote driving. It also provides more detailed information on enhanced V2X (eV2X) evaluation methodology, such as traffic model, vehicle types, channel model, and clustered UE dropping model [7] . Moreover, we notice that grouping is an important part in V2X, which means we can get benefits from LTE-based D2D/V2V groups. References [8] - [10] show that D2D/V2V grouping can improve spectral efficiency, energy efficiency, and fairness. In [8] , [9] , grouping and game theory is applied to improve throughput, energy efficiency and fairness. Reference [11] adopts a hybrid automatic repeat request (HARQ) for multicast in D2D enabled cellular networks by using D2D clusters to reduce the frame loss ratio of the feedback (NACK/ACK) from devices.
One of the most important issues related to D2D/V2V communication is mobility. Moving D2D devices or vehicles cause frequent network topology changes [12] , [13] . Furthermore, channel model varies when vehicles move at different speeds or under different UE topologies. The spatiotemporal variations in vehicular ad hoc networks affect the performance of network protocols by switching the links between connection and disconnection [14] - [16] . In addition, maintaining stable groups is another critical problem. In [17] , [18] , a stochastic analysis of vehicle mobility impact on group stability is presented. The authors use a stochastic mobility model, discrete-time lumped Markov chain and queueing theory to provide a mathematical model for simulation. The result of simulation is close to the mathematical model, indicating stable groups can be maintained.
Another issue to be concerned is the mobility of D2D/V2V groups. When a D2D/V2V group moves from the source BS to the target BS, it needs to perform the handover procedure, including sending information to target serving BS. In conventional LTE handover, neither D2D/V2V procedures are specified nor the continuity of ProSe services is supported. In [19] , a D2D Aware Handover (D-A HO) solution is provided. The D-A HO solution postpones the handover to the target BS until the source BS is unable to provide the basic service to both D2D UEs. When this situation happens, both D2D UEs handover to the target BS simultaneously. However, this mechanism only considers a pair of UEs, and it does not account for D2D link quality and UEs with different mobility patterns. The hybrid half and joint D2D handover mechanism has been introduced in [20] . When some of the UEs in a group satisfy handover condition, source BS decides which handover type to be performed. Joint handover is used when all of the UEs in the group reach handover condition, under which all of the UEs in the group attach to the target BS. As a contrary, half handover is used when not all of the UEs reach handover condition. In [21] , a leader-based D2D mobility management, which uses the handover scheme in [20] , is proposed. The authors simulate a group of UEs with a leader to perform the handover. The simulation result shows that the scheme ensures service continuity. However, the disadvantage of only one leader in a group is that when the leader cannot represent the group, the group should reselect another leader, while long reselection time severely degrades the performance of group-based V2X service. As for D2D/V2V resource allocation, [22] provides a UE autonomous resource allocation based on a specified frame structure, including Scheduling Assignment (SA) and data transmission. The authors also propose another approach to minimize the collision by utilizing the sensing result. Finally, to address the considerations on leader, group formation algorithms and leader selection algorithms have been proposed in [23] - [26] .
III. PROPOSED DESIGN
To solve the above mentioned problem, we propose groupbased enhanced mobility management. The main purpose of our mechanism is to ensure the V2X service continuity when group members reach the boundary of a cell, and each part of the detailed mechanism is introduced as follows:
A. HANDOVER CONCEPTS AND PROPOSED HANDOVER MECHANISM
Handover procedure plays a crucial part in group-based V2X. For a device in connected state with a BS, there is still data flow transmitting during the handover. A typical LTE handover mechanism is depicted as Fig. 1 . A UE periodically measures the reference signals from a BS, and there is a triggering event for measurement report, which is further taken into account for handover decision by the BS. For example, the signal quality of the target BS becomes offset better than that of the source BS. If the event is triggered, the UE sends a measurement report to its serving BS. The serving BS then decides whether to perform the handover mechanism. If the BS determines that the UE should handover, it requests the target BS that the UE is heading for. If the target BS can afford the newly-coming UE, it responses to serving BS with the related handover information, such as random access channels (RACH) and system information. After the response, the serving BS sends a handover command to the UE, with the information obtained from the target BS. The UE then performs synchronization and RACH procedures to the target BS. After successful random access, the target BS grants an uplink channel to the UE. Finally, the UE sends handover completion to inform the target BS that the handover has been successfully completed.
Once a UE fails to handover, it needs to reselect and connect to a BS so as to resume the data transmission. Such delay caused by handover failure is absolutely undesirable because of the long duration for reselection and connection. Therefore, how to reduce the handover failure probability is the main topic on a handover mechanism design. In the following, we first introduce the roles defined in a group.
1) DIFFERENT ROLES IN A GROUP
In our proposed mechanism, there are three types of UEs in a group: a main leader, a sub-leader, and followers. Here, we figure out some conditions that different roles of UEs would encounter with during the performance of group-based mobility, listed as follows: the most neighbors is assigned to be the group leader, with all of its neighbors assigned as the followers in the group.
• Sub-leader: A sub-leader also periodically transmits reference signals and collects the D2D/V2V quality between all the followers and itself. Different from the main leader, a sub-leader does not have to gather the cellular link quality information. It is because the subleader needs the D2D/V2V link quality to ensure that it is suitable to be a preparative leader. Since the main leader handles the group-based service most of the time, a sub-leader normally does not have to do anything for the group. However, the sub-leader would immediately take over to perform important functionalities once the main leader fails to lead the group, as will be explained in detail in the functionality part.
• Follower: A follower periodically measures the reference signals from BSs, the main leader, and the subleader. After the measurement, it should report all its measurements to both main leader and sub-leader for group maintenance and further mobility decision. 
2) JOINT AND HALF HANDOVER MECHANISM
In D2D/V2V cases, we should consider not only the links between UE and BS but also the links between the UEs. The direct links provide the shortened path for communication, as well as increase the link maintenance complexity. For a conventional LTE handover mechanism, D2D/V2V UEs should break their direct link, perform handover procedure individually, and then reestablish the direct link after the handover. As a consequence, the direct communication is interrupted during the handover. To maintain the service continuity of V2X, we introduce joint and half handover mechanism that our team has proposed, and then apply the mechanism to our extended group-based V2X mobility management.
• Joint Handover: As shown in Fig. 2 , all of the UEs switch to target BS simultaneously. The mechanism requires that all of the UEs meet the same triggering event in the same measurement period. Under such case, direct communications are not interrupted since all the UE contexts are sent from the serving BS to the target BS at the same time. However, if some UEs triggers handover event earlier, the group would be forced to break down into many subgroups and then perform the joint handover in turn. In addition, the legends in Fig. 2 applies to all of the figures illustrating handover cases.
• Half Handover: To address the delayed or earlier trigger problem faced by joint handover, our team also propose a half handover, which enables the early-handover UE to wait for the delayed-handover UE, as shown in Fig. 3 . The early-handover UE maintains a half handover timer and waits for its peers, and hence it is still served by the source BS despite that it is in the coverage of the target BS. If the companions are able to enter the coverage of the target BS within the half handover timer, all of the devices will handover to the target BS jointly as a group. In contrast, if any device fails to enter the coverage of the target BS until the timer expires, the group will still be forced to break down into partitioned sub-groups and then perform handover procedures in turn.
3) MEASUREMENT REPORT AND EVENT TRIGGERING
What to measure and report is an important issue in mobility. Typically, the UEs measure one of the following parameters: reference signal received power (RSRP), reference signal received quality (RSRQ), or signal-to-interference-plus-noise ratio (SINR). When an event is triggered, the measurement is reported to a serving BS for further decision. As for a group-based V2X service, direct link quality should also be taken into consideration. In our proposed mechanism, the serving BS sends measurement control to all of the UEs in a group. The measurement control includes the ID of the main leader, the ID of the sub-leader, the measurement object, and the reporting configuration. The inclusion of ID of the main leader and sub-leader is to make sure that the followers measure the reference signals from correct entities, while the measurement object and reporting configuration ensure the consistency of reports from the followers. However, as there is a competition on the resource for reporting, some reports would be lost if collision happens. Since it is not time-efficient to retransmit the report, the main leader leaves the missing information blank. When the serving BS receives the measurement report from the main leader and finds the blank, it can fill up the blank by estimation. Since the historical report is stored at BS side, the serving BS can estimate the missing signal quality value through linear or logarithmic interpolation. As for mobility triggering events, group-based V2X handover triggering event is slightly different from the one defined in LTE. Here, we assume that the UEs will trigger A3 (Neighbor BS offset better than serving BS) and A2 (serving BS quality lower than a threshold) events. In addition, we define an event, called D2D event, specific to address D2D/V2V type handover. Once the direct link quality keeps below a threshold for a predetermined D2D Time-totrigger (TTT D ), the UE would trigger a D2D event.
B. FUNCTIONALITIES AND MAINTENANCE IN A GROUP
After defining the roles in a group, we aim to figure out the possible incidents that a group may be faced with. In the following, we list the events and functions that would occur in a group.
1) GROUP MAINTENANCE
As introduced previously, a group is maintained through periodic measurement of reference signals from a BS, a main leader, and a sub-leader. The main leader collects all of the link quality information and reports to the BS. The BS decides whether the group should take any action according to the link quality by receiving the measurement report. The signaling flowchart is shown in Fig. 4 . 
2) SUB-LEADER RESELECTION
A sub-leader is reselected periodically, with a relatively longer periodicity to avoid severe signaling overhead. As the mechanism shown in Fig. 5 , for every sub-leader reselection period, all of the followers send peer discovery signals and measure the signals sent from others. After gathering all of the reports from the followers, the leader selects a new sub-leader. Among all the followers, the one with the most neighbors is selected as the new sub-leader. The purpose of sub-leader reselection is to ensure that there is always a suitable candidate in case that the main leader leaves the group.
3) MAIN LEADER AND SUB-LEADER SWAP
Once a BS finds that a main leader has poor cellular link quality, or poor direct link quality to most of the followers in a group (over a predetermined threshold), the BS would send a handover command to require a swap between the main leader and the sub-leader, as depicted in Fig. 6 . Since the subleader possesses full information of the followers' cellular link quality and direct link quality between the followers and itself, it can serve as a main leader. After the swap, the original main leader becomes the temporary sub-leader until the next swap or next sub-leader reselection.
In case the leader swap and the sub-leader reselection happen at the same time, our mechanism requires that the sub-leader reselection be performed first, and then the leader swap be executed. The reason for such priority is that the reselected sub-leader is more suitable to lead the group than the original one.
4) TRANSITION OF CONNECTION STATE OF FOLLOWER
Once a follower keeps having a poor link to both main leader and sub-leader over a given period, the BS then commands VOLUME 7, 2019 FIGURE 7. Follower leaves the group and connects to source BS. it to transit from D2D mode to cellular mode. The follower, therefore, leaves the group and communicates with other UEs through legacy uplink and downlink transmissions, as depicted in Fig. 7 .
5) SUB-GROUP PARTITIONING
The link between a main leader and a sub-leader may be poor sometimes, so sub-group partitioning is necessary in this case. Once the BS finds that the main leader has a poor quality to the sub-leader and some other followers, the BS then forces the group to be partitioned into two sub-groups. One is composed of the original main leader and the followers having moderate link quality to it, and the other consists of the original sub-leader and the followers having good quality to it, with the original sub-leader being the main leader in the new group. Both the new groups then perform sub-leader reselection after the partition. We show Fig. 8 as an example.
C. D2D RESOURCE ALLOCATION
Resource allocation always plays an indispensable role in a distributed system, and so does it in group-based V2X. We adopt the resource allocation algorithm proposed in [22] , which takes the feature of carrier sensing for lower collision probability. Since the algorithm is designed for D2D communication, we slightly modify it to better fit our mechanism. The flowchart of the resource allocation algorithm is provided as Fig. 9 . In a group, a member may either transmit an SA indicating its occupancy or sense on all the channel to check which channel is still available. It is noted that a channel stands for a physical frequency band, whereas a resource represents a time-frequency block. The authors in [22] have shown that the algorithm converges fast; that is, it takes little time for a group to allocate the resources while maintaining low collision probability.
D. DECISION TREE
According to the received measurement report, a BS has two kinds of information, direct link quality (between followers and the main/sub-leader) and cellular link quality (between all the UEs and the BS itself) respectively. After elaborating our proposed handover mechanism, here we propose a handover decision tree, which is built up with several parameters, i.e., RSRP from the serving BS (RSRP S ), RSRP from the target BS (RSRP T ), Handover Margin (HOM), LTE threshold (LTE Th ), LTE Time to Trigger (TTT), D2D Th , and TTT D . As shown in Fig. 10 , a decision tree would help a serving BS determine which action to take to deal with a group, and different conditions would lead to different handover commands.
At the beginning of a decision, the serving BS checks whether RSRP T has kept offset better than RSRP S over a period TTT. If so, the serving BS continues the right part of checking procedure in Fig. 10 . In this case, if RSRP S of the main leader is higher than the LTE threshold, it is still suitable for the group to stay in the original BS and hence neither handover nor leader swap is needed despite of the triggering event. In contrast, if RSRP S is lower than the threshold, the BS further checks whether all the other members have satisfied the handover condition. If some members have not triggered handover event, they will get into half mode to wait for a further decision, either the delayed-handover with the group or the switch back to cellular mode, as shown in Fig. 11 for the sub-leader case and Fig. 12 for the follower case. If all of the members have triggered handover event, joint or half handover is then triggered depending on the direct link quality.
Here, we need to clarify what a UE should execute when it is in half mode. A sub-leader and followers have different reactions in half mode. When a follower enters half mode, it checks whether the link quality to the main leader is greater than D2D Th . If the condition is not satisfied until the end of half mode period, the follower will leave the group and switch back to cellular mode. If the condition is met within half mode period, half handover will be performed and the follower keeps staying in the group. As for the sub-leader case, the subleader checks whether RSRP from the main leader is greater than D2D Th . If so, it waits for handover triggering within half handover period and determines whether to perform half handover or leave the group, same as introduced in the follower case. If the RSRP from the main leader is less than D2D Th , the sub-leader then checks the quality of the direct link to the half-mode followers. If some of the direct links are better than a threshold, the sub-leader leads the corresponding followers to leave the original group to form a new group; that is, the original group is partitioned into two groups with original sub-leader being the leader of the new group.
In Fig. 10 , as another case in which RSRP T has not kept offset better than RSRP S over a period TTT, the serving BS goes through the left part of the decision procedure. The serving BS checks whether RSRP S of the main leader is greater than the LTE threshold. If so, neither handover nor leader swap is needed, since the main leader has a good link quality to the serving BS. However, if not, the BS checks whether there is any member satisfy handover condition. If all the other members have good link quality to serving BS, a leader swap is needed since the sub-leader is more suitable for communication with the BS than the main leader. On the other hand, if some members have a poor quality to serving BS, a handover takes place, either joint handover or half handover, depending on the quality of the direct link.
E. HANDOVER AND TRANSITION CASES
Once an event is triggered, a BS needs to decide which action the group should take. The handover mechanisms are presented in [20] and combined with the group functionalities. We figure out all the cases that a group-based V2X service would face, as listed in Table 1 .
IV. SIMULATION METHODOLOGY
To verify the performance of our proposed mechanism, we construct a simulation for the group-based V2X service. Our simulation follows the 3GPP Technical Specifications (TS) and 3GPP Technical Reports (TR), which have been broadly adopted and cited by research institutes and companies. In this section, we provide our simulation scenarios, deployments, and some adopted models.
A. EVALUATION PARAMETERS
The parameter setting for our simulation is shown in table 2.
When the simulation starts, the vehicles are dropped on the map. As an initialization, each of them connects to the BS which has the highest RSRP value. After a vehicle is attached VOLUME 7, 2019 to the BS, it will start grouping procedure, as mentioned in Section III. As we proposed previously, the followers will periodically measure the link quality to their main leader in order to inspect the stability of the established V2V link, and the sub-leader needs to measure the link quality with other followers to make sure it is still qualified to be a preparative leader.
B. MOBILITY MODEL
A mobility model provides the movement of UEs, and how their location, velocity, and acceleration have changed over time. In our work, Simulation Urban Mobility (SUMO) provides the mobility model. SUMO is an open source simulation package designed to handle large road networks. In SUMO, the beginning location of a vehicle should be on feasible places on the map. That is, a vehicle is never dropped outside the road, nor at an intersection. The structure of the map is shown in Fig. 13 . In addition, the vehicles are dropped one by one. With a given interval, vehicles are in turn dropped randomly onto the map. In our mobility model, vehicles are dropped every 2ms. Moreover, speed limit of each road is provided in SUMO. To simplify the simulation, we assign the same value to the speed limit of each road. We compare different speed limits to observe the impact on handover performance in section V. Finally, after we set the related values, the vehicles are restricted to move along the road, and the trajectories are the mobility model that we adopt.
C. CHANNEL MODEL
Channel model is an important part of communication simulation. It represents the effects on a communication channel in mathematics during the wireless signal propagation. We can also know the indications of how wireless channel parameters such as bandwidth or frequency affect the whole system. In our simulation, we consider the channel model not only between a UE and a BS but also between a UE and a UE.
The UE-to-UE channel we adopted is the 3GPP standard document on LTE-based V2V channel model [27] . There are two major scenarios, freeway, and urban cases. Since we adopted SUMO as our mobility model, the channel model related to urban scenarios, in which UE would suffer more severe propagation loss and shadowing effect, is considered. As for the UE-to-BS channel model, we follow the 3GPP standard document on LTE-based V2V channel model [27] .
V. SIMULATION RESULT
Our proposed scheme aims to improve service continuity, reduce service interruption time, increase the follower reliability, and improve the handover success ratio. We compare our scheme with conventional LTE and pair-based mobility scheme with only one leader [21] . With the evaluation parameters, models and deployments introduced above, we can conduct our simulation under different scenarios. In the following, we define performance metrics and provide our simulation results, as well as make some observations on the results.
A. V2V MODE RATIO
V2V mode ratio is the average percentage of time that a UE stays in V2V communication mode. When the main leader is in V2V mode, it demands have a good cellular link with the serving BS and the other group members likewise need to have good V2V links with the main leader. Once a follower has poor links to both leader and sub-leader, it will leave the group and connect to BS and hence is not in V2V mode. A higher V2V mode ratio implies better service continuity since there is longer time during which a UE keeps using group-based V2X service. The V2V mode ratio is observed under different maximum UE speeds in SUMO mobility model. It is defined as
Total simulation time The simulation result of V2V mode ratio is shown as Fig.14 . From the results, first, we can observe that V2V mode ratio decreases as the UE speed increases. It is because as UE increases in velocity, the signal fluctuation becomes more severe, and the average vehicle safety distance increases. With the degradation in the channel, the direct link between vehicles is more vulnerable and therefore is more prone to be broken. In addition, we notice that our proposed dual-leader scheme outperforms the other schemes as well as helps hold the V2V mode ratio in the grid urban scenario. Since there is a sub-leader in our dual-leader scheme, once the main leader has experienced poor direct link quality to some followers, the sub-leader can serve them by partitioning to new groups and consequently maintain V2V mode at a higher level.
B. HANDOVER FAILURE RATIO
Handover failure ratio is the portion of failed handover experienced by a UE among all handover trials, and can be written as
Handover failure ratio = Number of handover failures Number of total handover events A lower handover failure ratio ensures the service continuity and the reliability for V2X services. Since a handover failure causes longer data retrieval, V2X, as one of the URLLC services, is fragile to handover failures. Handover failures stem from the loss of control signaling and can be summarized as the following cases:
• Radio Link Failure (RLF) during TTT: RLF indicates a terrible link quality between a UE and a BS. If RLF occurs during TTT, the measurement report cannot be correctly sent to BS. Since a measurement report is a control signal in a handover procedure, the case is considered a handover failure.
• RLF during handover preparation: The handover command is the last control signal in the handover preparation stage. As a consequence, if RLF occurs during handover preparation, the handover command cannot be correctly received by the UE and thus is regarded as a handover failure.
• Active T310 timer at the end of preparation: In the RLF mechanism, T310 is a timer that indicates bad channel quality during a measurement period. For each bad channel quality, the timer increases by 1. For bad channel quality over consecutive measurement periods, the timer keeps on increasing until its expiry (often counts to 10), leading to RLF declaration. The case is the same as the previous one, as both cases stand for the failure of reception of handover command. The parameter settings related to handover can be referred to Table 2 , and the simulation results are provided in Fig. 15 . From the simulation results, we can intuitively observe that the handover failure ratio increases with vehicle speed in that higher speed leads to more severe channel fluctuation and less reaction time for handover execution. Moreover, our dualleader scheme has lower handover failure ratio than the other two schemes do. It is because of the swap procedure. With a swap procedure, a group can perform successful handover if at least one of the leaders has good link quality to the serving BS. If the main leader has a poor link to serving BS, our scheme allows the sub-leader to be the new leader and lead the group for handover. Thus, the failure ratio can be decreased. VOLUME 7, 2019 
C. GROUP INTERRUPTION
Interruption time is the time duration during which UEs are unable to transmit service data, which includes handover interruption time and transition interruption time. After the handover command, the serving BS stops the transmission of data to a UE, and the UE does not resume its data reception until connecting to the target BS. The interruption duration owing to handover procedure is thus called handover interruption time. In another case, if a follower is switching from V2V mode to cellular mode, it is incapable of receiving service data during the transition. The interruption duration due to the connection transition is called transition interruption time.
Here, we define group interruption ratio as the time ratio of a follower unable to receive data in its group due to handover or state transition. The definition can be written as The simulation result of group interruption ratio is shown as Fig. 16 . From the results, we can find out that group interruption ratio increases with UE speed. Intuitively, higher speed leads to more variant channel and more frequent handover; therefore, the interruption time within a group increases. Another observation is that our dual-leader handover has the lowest interruption ratio. Due to more stable group maintenance like sub-leader reselection and leader swap, the followers are not forced to switch between V2V mode and cellular mode frequently. Furthermore, the dualleader scheme has a lower handover failure ratio. A handover failure ratio leads to even longer interruption time because of the reestablishment of connection to BS. From the two reasons above, our dual-leader scheme can achieve less interruption level during group-based V2X service.
D. SIGNALING OVERHEAD
Signaling overhead is one of the metrics to be evaluated. Here, the Uu link (cellular link) and the PC5 link (direct link) signaling overhead are provided in Fig. 17 and 18 . We compare the result of our mechanism with the one-leader mechanism proposed in [21] . For the Uu link, the signaling overhead of our work is about 130% of that of the one-leader mechanism on the account of the maintenance of a sub-leader. Since there are swapping and partitioning procedure in our proposed dual leader mechanism, the control signaling to a BS is higher compared with that of the one-leader mechanism. For the PC5 link, for an N-member group the signaling overhead in one-leader mechanism is simply N − 1 since there are N − 1 followers reporting the measurement through the PC5 link. As for our dual-leader mechanism, for an N-member group we analyze the signaling overhead as follows.
• Measurement report: There are 2 reference signals transmitted by the main and the sub-leader, N − 1 measurement reports sent from the sub-leader and the followers to the main leader and N − 2 measurement reports sent from the followers to the sub-leader. As for Uu link, there are 2 reports received by the BS, one from the main leader and the other from the sub-leader. Therefore, there are 2N − 1 control signals on PC5 link and 2 control signals on Uu link in total during a measurement phase.
• Sub-leader reselection: To choose the most suitable subleader within a group, each member should broadcast a reference signal to all the other members and a report with the number of its neighbors, so there are total 2N control signals during the reselection. According to the analysis, as the period of the sub-leader reselection is far longer than the measurement period, the signaling overhead over the PC5 link is about twice of that in the one-leader mechanism.
VI. CONCLUSION
In this paper, we propose a group-based dual-leader D2D/V2V mobility management mechanism. It applies to the services in hope of leveraging the benefits of direct links, especially V2X services such as platooning. We adopt sensing-based implicit resource allocation [22] algorithm and joint/half handover for D2D communication [20] , after a thorough study into articles related to resource allocation and direct link handover mechanism.
This proposed mechanism introduces three roles in a group: a main leader, a sub-leader, and followers. For the roles, the main leader is responsible for the relay from a BS to the group members, the sub-leader is useful when the main leader fails to function well, and followers keep reporting the measurements for group maintenance. To maintain the stability of a V2X group, we furthermore propose a subleader reselection and leader swap mechanism. By figuring out all of the possible cases that a moving V2X group would encounter, we design a decision tree that records the cellular and direct link quality for a base station to properly command for the next step.
With referred mobility and channel models, we are able to simulate our proposed scheme under scenarios that are closer to reality. The simulation results prove that our dualleader mechanism helps increase V2V mode ratio, which is the indicator of stability of a group. In addition, at the expense of doubled signaling overhead, our mechanism decreases handover failure ratio and group interruption, which result in negative impacts on V2X services. Finally, as vehicular technology gets more and more popular, V2X is an indispensable service for autonomous driving and road safety. With the analyses and simulation results, we believe that our proposed dual-leader mechanism can be applied to many group-based services in the vehicular network. 
